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1 Introduction 

Topological defects of various kinds are predicted to have occurred during phase tran- 
sitions in the early universe. Depending on the nature of the phase transition and the 
configuration of the fields involved in spontaneous symmetry-breaking, topological de- 
fects can be three, two or one dimensional, such as textures, domain walls or strings, 
and also pointlike such as monopoles. Their cosmological implications have been quite 
well explored in the context of general relativity (for a review see fl]]). In particular the 
cosmic strings which have attracted the most attention are those produced at GUT scales. 
Such strings generate large angle cosmic microwave background anisotropics of roughly 
the observed order of magnitude 0. Their gravitational effects are weak and their static 
spacetimes are non-singular [0,^. 

On the other hand, at sufficiently high energy scales the Einstein's theory of general 
relativity which is extremely successful at describing the dynamics of our solar system, 
and indeed the observable universe, probably does not describe gravity accurately as 
first postulated by Dirac 0. 

Partially motivated by the Dirac's idea and the possible existence of extra dimensions 
of the spacetime proposed by Kaluza and Klein [0, Jordan, Brans and Dicke (JBD) [^ 
proposed a theory of gravity whose purpose was to incorporate Mach's Principle. In this 
way the variations on the inertial mass of a body caused by the surrounding Universe, 
assumed in that Principle, could be justified from the variations of the gravitational 
constant. Even so the Principle is not consistently justified, as it does not explain gravity 
in vacuum. 

The implications of the JBD action on cosmic string models have been well ex- 
plored @,|10|- III particular the case of the low-energy string action was explored in [pJ|] 



which showed that in the presence of a dilaton the gravitational field of cosmic strings 
is surprisingly close to that of an Einstein cosmic string on cosmological distance scales. 
For a massless dilaton it was shown that there are long range dilatonic effects on the 
very large scale and the spacetime is not asymptotically locally flat in the Einstein and 
string frames. On scales of cosmological interest, however, the metric is conical in the 
Einstein frame, and conformally conical in the string frame. Meanwhile for a massive 
dilaton and apart from distances of order the Compton wavelength of the dilaton, the 



long-range structure of the string is as for Einstein gravity, and so the metric asymptotes 
a conical metric, in both string and Einstein frames. The main exception to these results 
is for the special value where the coupling of the dilaton to the vortex fields is canonical, 
i.e. the vortex fields couple to the metric in the string frame, for which there are no long 
range effects (other than the deficit angle) and the dilaton merely shifts the value of the 
dilaton between the core and infinity by a constant. For a critical Higgs coupling this 
constant vanishes and there is no effect at all on the dilaton. The dilatonic string is then 
the same as the Einstein one. 

Meanwhile, low energy string gravity also generically contains another field - the axion 
- which could in principle also couple to the cosmic string. Of course, in the cosmic super 
string solution of Dabholkar et al. |]12[ the axion couples to the string. However here we 



wish to consider the simple question of whether and how, at the low energy level, the 
presence of the axion effects the field of a local vortex solution to some field theory, using 
the U{1) abelian Higgs theory as a model. 

Therefore the layout of this paper is as follows: Section 2 shows the singular behaviour 
of the axionic-dilatonic local strings by examining the gravi-axion-dilaton field. Section 3 
presents a far field solution by taking a supermassive Higgs limit. Finally we conclude. 

2 Singular axionic-dilatonic strings 

We are interested in the behaviour of a static self gravitating string whose metric is given 
by 



ds^ = e^ 



dr - dW - dz' 



- a^e-^V ^ (^) 



when the gravitational interactions take a form typical of low energy string theory |13[ |. 

We take an empirical approach to cosmic strings in this background theory, not con- 
cerning ourselves with the origin of the fields that form the vortex, but inputting "6?/ 
hand" the abelian-Higgs lagrangian given by 

£[$, A,] = D,<l>tD'^$ - ^FatF-' - |(<l>t$ - 77^)2 (2) 

where Dc = 'Vc + ieAc is the usual gauge covariant derivative. Fab is the field strength of 
the gauge field Ac, r] is the symmetry breaking scale and x is a parameter related with 



the energy density of the string, yu, by 



/i 



^f] 



(3) 



To take account of the (unknown) couphng of the cosmic string to the dilaton , 0, we con- 
sider a reasonably general form for the interaction of the vortex with the dilaton assuming 
that the Abelian-Higgs lagrangian couples to the dilaton via an arbitrary coupling, e^"*^ £, 
in the string frame as in the action: 

1 



S 



J4 / " 



-24, 



_R _ 4(V0)^ - y (0) + -H^, ) + e^'^'^C 



(4) 



where V{<p) is the dilaton potential and the axion field is described by an antisymmetric 
tensor B^x with antisymmetric field strength H^^x given by: H^^^x = d[^B^x]- 

We now write instead the action in terms of the "Einstein" metric, defined as 



9ab = e '^'^Qab 



(5) 



in which the gravitational part of the action appears in the more familiar Einstein form: 



and write the "Einstein" equations to get 



R + 2(V0)2 - y (0) + -e-^'^Hl, + 2ee'^'^^'^^C{X, P, e'^g} 



(6) 



Gab = ee2(-+2)<^7;^ + g^b + N, 



(7) 



with Tahi Sab and Nab the energy- momentum tensors for the string, the dilaton and the 
axion given respectivelly by: 



Tab = 2^^^^^^ = 2e^"^[VaXV,X + X'PaP,] - 2Pe~'^Fa,F,^ - Cg, 



ab 



and 



Sab = 2Va<l)Vb(p + -V{(t))gab " {"^(pfQab 



Nab = ^e-^t'lSHaXkH,'^" - \gabH^] 



(9) 



(10) 



Considering the axionic antisymmetric tensor, B^x-, as an independent variable, the equa- 
tion of motion for the axion is: 



V ^[e-^"^ H>"'^] = 



:ii^ 



which can be simphfied into a wave equation of motion for a massless scalar field, h{t, r, z, (/?), 
evolving coupled to the dilaton H 



D/i + W^V^/i = (12) 

by writing 

with et^'^'^^ the antisymmetric Levi Civita tensor given by 

eatcde"'"^ = -3!5i. (14) 

In terms of h, the energy- momentum tensor for the axion, (|10D , then becomes: 

Nab = \e''^[hahb - \gab h^hp g'^"]. (15) 

To include the self-gravity of the string we require a metric which exhibits the symmetries 
of the sources, namely the boost invariance for the matter and dilatonic sectors (Tq = T^, 
Sq = Si). Therefore we try first the static cylindrically symmetric metric given in (|I]). 
Consistency with the assumed symmetry then requires A^oo = —Nzz, i-e., h^t = h^z = 
and also Nptip = 0, i.e., hji = or h^^ = 0. Therefore there are two possible Ansatze for 
the axion: either h{R) or h{ip). Consistency of the constraint equation (given later by 
( |17cD ) also requires A'^^ to be a function of R and therefore for the ansatz h{ip) we require 
h^^p = h, i.e., h{ip) = htp, with h a constant. 

(i) h{R) 

Let us first assume h{R). Integrating the equation of motion for the axion ([T^) one 
gets: 

ah' = hoe-^'^ (16) 

where h^ is an integrating constant, with the energy- momentum tensor for the axion given 
by: A^o — ^l = N^ = —N^ = ^e~'^~^^'^ h'"^ where the prime means now the derivative 
with respect to R. 

The equations of motion for the geometry and for the dilaton are respectively: 

a" = -aeW{cf)) - eae^S - Vb) (17a) 

(ay)' = -ae^V{<P) + eae^Va + V^) (17b) 

a'i = -lae^y(0) + ^ + a0'' + eae^Vn + ^e"^^ (17c) 

2 4 Acx 

(a0')' = ^^ + e(« + l)«e^^ - i^^o^e'iVR + V^) + ^e"^* (17d) 

4 ora z la 



while the equations of motion for the vortex sector are given by 



1 
a 



.,, XP' 



[a X')' = '-^-— e'^ + - (X^ - 1) e^ 



a^ 



X 
~2 



'P'\' 



X^P 



"U --^'^'+ p 



(18a) 
:i8b) 



-the same as for the dilatonic string, as the axion does not couple directly to matter. For 
further reference, the Bianchi identity now gives: 

e^ae^Vn)' - ea'e^V^ - ^a^'e^[VR - P^ - 28] 

n r)V ni' h" 

+a'4>" + (a0'^)' - |e^0'^ + «e^"^'[^'(^ + </'') + y] = (19) 

Let us start to look for the string's gravitational effects at very far distances from its core, 
where for non-singular local strings we are in vacuum. 

Consider first the massless dilaton case, ^(0) = for which the equations of motion 
for the geometry and the dilaton become: 



(aV)' = 
a 7 
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I.. I ^"^ ' , „ ^/2 I "-0 ^-4(/) 



hi 



^ + a0 + -— e" 
4 4a 



[at 



' 2a 



(20a) 
(20b) 
(20c) 

(20d) 



These equations are only consistent for the trivial case where the axion is ^''switched off" 
and so the results in [^ for the dilatonic string still hold. Indeed one gets: 

(21a) 
(21b) 



a = dR + b 








7 = Cs + ^Ln [dR + b] 


(j) = Ln 


{Cosh{A))\ 


1 

4 


A=^ 


Ln 

d 


'dR + b 







with 



where C, Ci, C2, C3, d and b are integrating constants. 

From the dilaton equation ( pOdp it comes that C is defined such that: 

(a0f = -:^e-^* + 2C>O 



(21c) 



(22) 



(23) 



and therefore C > 0. But now we find a contradiction:- integrating ( |1 7b|) from the core 



and to lowest order in e one gets 07' = 0, i.e., C2 = 0. Using the constraint (^ 



dC2 = 4^*2 + ^C*, this gives C = which contradicts the fact that C > 0. This means 
h' = (f)' = 0. Therefore the only vacuum solution is the trivial one where the axionic 
sector is ^^switched off" and the dilaton is constant. This result still holds in the string 
frame and is in agreement with those presented in reference IT^ for massless dilatons in 
a spacetime of four dimensions. 

Consider now massive dilatons {V{(f)) = 2M^0^, with M the dilaton mass). Apart from 
an intermediate annular region (bounded by the Compton wavelength of the dilaton), the 
long-range structure of the fields is as for the Einstein case because for distances from the 
core greater than the Compton wavelength of the dilaton the dilaton field is essentially 
fixed. Hence the equations of motion for the geometry and the dilaton become: 

a" = -ae^2M^(f)'^ (24a) 

(07')' = -ae^2M2(/)2 (24b) 

aV = -aem^ct? + ^ + %-^^ (24c) 

4 4a 

Q = ae^M^(j)+^e-^^. (24d) 

2a 

whose solution is: 



a — ao = C4-R (25a) 



7 - 70 = -2 ln[ao + C^R] (25b) 

(25c) 
(25d) 



C 

h-hi = -201-^ ln[ao + CiR] (25c 

64 



with 



^^^ = C, = a'em' (26) 

201 



which from ( |24c| ) gives 



where ao, C4, 70, hi are integrating constants and C5 is a positive constant. 

The asymptotic solution for the axionic-dilatonic cosmic string is then, to lowest order: 

ds^ = e^« [ao + C^R]'^ \dt^ - dR^ - dz^] - 6"^° [ao + dR]^ V (28) 



with (j) = (pi and the axion having very strong asymptotic effects as given in ( P5c| ). 

(ii) h{Lp) = hip 

Let us now consider the other ansatz for the axion, h{(f) = hip. The axion is no more 
a dynamical field and so its equation of motion gives an identity. The elements of the 
energy-momentum tensor are: Nq = iV| = A'^^ = —N^ = -^e'^'^h^e^ and the the axionic 
sector in the initial action (|^) is given by -^e'^'^H'^^^ = \e'^^^'^^. 

The equations of motion for the geometry and the dilaton are now respectively: 

a" = -aeWU) - eae\S - Vr) - —e^^+^^ (29a) 

2a 

(a-f'y = -aeW{(l)) + eae^{VR + V^) (29b) 

'-ae^V{(f>) + ^ + a(f>'^ + eae^Vn - ^' 
2 4 4a 



a'i = -\ae^V{cl)) + ^ + «(/'" + eae^Vn - ^e^^+^'^ (29c) 



{a<py = ^^ + e(a + l)ae^£ - -eae^Pn + V^) + —e^^+'^ (29d) 

A ocp 2 2a 

and again the equations of motion for the vortex fields are the same as for the dilatonic 

string. The Bianchi identity is now: 

e^ae^Vn)' - ea'e^V^ - ^a7'e^[Pfl - P^ - 28] 

^oie + («0'')' - ?e^0'|^ - -e"^"-^'^ = 0. (30) 

2 0(p a 

Again, consider first the massless case, V{<f)) = 0. Proceeding as for the previous ansatz 

we write the equations of motion for the geometry and the dilaton: 

a' = —a(f) + q (31a) 

0:7' = p (31b) 

a" 1 

a— + a'(-2g - p) + {q^ + -p^) + a'^ = (31c) 

(«0')' = ^/i2e27+4<^ (31d) 

at far distances from the core where it is vacuum, with the Bianchi identity giving 

aV'2 + (a</)'2)' - -e'^+^^cj)' = (32) 

a 

where p and q are integrating constants. In order to get the asymptotic solutions to those 

equations we write the constraint ( ^lc| ) as the autonomous d.s.: 

u' = -3u^ + 2{2q + p)ut - 2{q^ + —)t^ (33a) 

t' = -ut (33b) 



where t = - and u = —. WritiriEr x 

a a ° 

dx - 
which integrated gives 

t{x) = C{Q{x)Y Exp 



t 



a' one gets: 

->2 



2/9 P^. , \ dt 



v^(p + 2(?) y2(p + 2g-3a;)- 



(34) 



(35) 



3 Vp^ — 8pg + 4g^ a/p^ — 8pg + 4g^ 

with C a positive integrating constant and Qix) = p^ + 4g^ — 4px — %qx + 6x^, a non 
invertible expression for a{R) whose asymptotic regimes are then analysed. 
When |x| — i> oo the result from expression ( ^5|) is that t — > oo where 

4 



t{x) 



CI 



1 



Therefore the solution is: 
a = ao + C3-R4 



7 = 7o + P 



4a^ 
CI 



m - 



2ao 
CI 



Vr + 



3C 



■m- 



4a^ 
CI 



Ln 



ao + Cs/?* 



(36) 

(37a) 
(37b) 



4an 1 2an /— 4 3, 4a;n. r ^ n . 

= '/'o + ^T^i?^ - ^T^v^ + (H^R"' - (1 + 97^)^^ «o + C,,R-' (37c) 

O3 O3 dOs L/3 

with C3 a positive constant and ao; To ^^nd 0o being integrating constants. But now an 
inconsistency comes- consistency of equation (|31d| ) requires C3 = /i = 0, i.e., the axionic 
sector for these solutions is ^^ switched off" . 

When x -^ x±, where Q{x±) = 0, therefore from expression (^) t —>■ 0. As a result 
the solution is: 



a = ao + x±R 

p 

7 = To H Ln [a^ + x±B\ 

x± 

q 

= 00 + ( l)Ln bo + x±R] 

x± 



(38a) 
(38b) 

(38c) 



which from ( pid| ), as in previous asymptotic regimes, gives /i = 0, i.e., the axionic sector 
for these solutions it is as well ^^ switched off" . 

Finally when x ^ then, from expression [EE) t ^ t{0) and the solution is: 



a = ao 



p 



T = 7o H R 

ao 

(j) = <j)o + —R 
ao 



(39a) 
(39b) 

(39c) 



which, again, from ( |31d| ) gives h = 0. In conclusion the only vacuum solution is the 
trivial one where the axion is ^^ switched off" . The same result is obtained in the string 
frame. Moreover no solution (in the Einstein frame) is regular at the origin where N^ = 



1 g4</'+7/j2 ^ 1 j_g_^ g4</. ^ j^ because from the dilaton equation (|29clD one obtains cj) r^ R 



whilst from the constraint ( p9c| ) one gets ~ VR- Therefore solutions of the equations 
of motion are non-string type solutions. 

It is worth examining the previous results. First we note that for the ansatz h{Lp) = hip 
the elements of the energy-momentum tensor for the axion resemble those for a global 
string given by 

Tl = ^\^^ 1> 1, -1] (40) 

and for which the energy per unit length is infinite, i.e., the string field has long-range 
gravitational interactions. This fact when combined with the absence of non-trivial vac- 
uum solutions suggest that fields for the axion-dilatonic string also have a long-range 
behaviour. Meanwhile taking a supermassive Higgs limit at far distances from the core 
of a string in Einstein gravity the boson vectorial mass vanishes and one is left with the 
Einstein-Maxwell equations which can be solved exactly. The Higgs boson becoming su- 
permassive decouples from the eletromagnetic field and the metric solution is the Melvin 
magnetic Universe given by |T3 



1 



4 



ds' = (1 + -B'Ry dt' - dR' - dz' - , V (41) 



R 



2 



\B^R^y 



with B the strength of the magnetic field along the axis of symmetry. This suggests that 
in the presence of the axion and the dilaton one shall look for a supermassive Higgs limit 
and one shall obtain an exact metric solution - the dyonic Melvin universe which will be 
derived in the next section. 

We also note that the asymptotic limit of the solution ( PT| ) is of the form: 

ds^ = p^ \df - dz" - dp"] - ^ dif^ (42) 

L J pi 

with D a positive constant which is classified as a ^^global string" in the sense of Comtet 



and Gibbons ||T6[ - a static solution of the vacuum Einstein equations which is invariant 
under boosts along the direction of the string and which is invariant under translations and 
reflections in a plane orthogonal to the translationns together with rotations about an axis 
of symmetry and reflections in planes through the axis, i.e., having "ly/io/e cylinder — 

9 



symmetry" and being non asymptotically locally fiat. Of course, the metric of a global 
vortex (generated by some field theory) does not have this form |T^ but the form 



ds'^ = 6o(r - roY 



dt^ — cosh^ \/bn t dz^ 



dr' - C^ V 



(43) 



with bo and Cq two constants (60 > 0) which is clearly non-static (if we force the metric 
to be static it becomes singular [Q) and has an event horizon at r = tq. Also note that 
in the presence of a dilaton the asymptotic form of a global vortex is also non-static as 



was shown in p9|. 



3 Global string solutions: dyonic universes 



Dilatonic Melvin Universe 



The dilatonic Melvin magnetic universe is an exact solution of the Dilatonic-Einstein- 
Maxwell theory described by the action: 



S 



d^x^^ -R + 2{V(i)Y-e-'^'^F 



2a0 T-i2 



(44) 



where F is the field strength of any U{1) gauge field, A. 

In the presence of a magnetic field B the equations of motion given by 



—2a4> rpfJ.u 







^ 2 
R^, = 2V^0V.0 + 2e-^'''f'F^,FP - ^g,,,e-^'''f'F\ 

admit an exact solution, the dilatonic Melvin magnetic universe, given by pO| 



(45a) 
(45b) 
(45c) 



ds' 



1 + 



a^ + l 



2d2 



-B'R 



2 



df - dR^ - dz^ 



- 1 



a^ + l 



-2a<j> 



1 + 



a' + l 



B^R^ 



A, 



B' 



(l + a2)S(l + ^S2i?2) 
B 



n (2+a2) 
1 + ^52/?2) ^T^ 



b^rA '^" i?2V 



(46a) 
(46b) 
(46c) 
(46d) 
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The equations of motion are duality invariant as they admit an SL[2, R) electric-magnetic 
duality defined by: 



F' 

fJ.U 



-e 
2 



-2a(f> 






(47a) 
(47b) 



which can be used to generate an electromagnetic Melvin universe and that will be gen- 
eralised in the presence of an axion in the next section. 

Dyonic Melvin Universe 

In the presence of an axion, the Melvin magnetic universe can be generated after 
applying a Peccei-Quinn and a duality transformation to the dilatonic Melvin magnetic 
universe. Our starting point comes from the bosonic part of the four-dimensional effective 



action of low energy string theory that includes the terms pT 

d^x\/—g 



S 



-R + 2{V<py 



1 



-4</.tt2 



12 



H, 



fii/X 



-20^2 



(4J 



where H,,,,\ describes the axion, with now 



I- fj,u\ 



H = dB + -AAF. 

4 



(49) 



If we write the axion as in (|T3|) the equations of motion can equally be derived from the 



action 21 



S 



(ix'^^f—g 



-R + 2{V4>f + -e^*(V/i)' - e-^'^F^ -hFF 



(50) 



with F the dual of F . 

It is also convenient to combine the axion, /i, and the dilaton, 0, in a complex scalar 
field, A = Ai + %\2 = h + ie~^"^ called the ''axidilaton" . In terms of A the action simplifies 

to m : 



S 



j4 / 

a Xy/—g 



-«+^n(^^^-^^-; 



(51) 



where F± = F ± iF. The kinetic term for A in (^) is invariant under the Peccei-Quinn 
shift of the axion, h —* h + f and under the duality transformation A — > — ■^. The latter, 
for h = 0, reduces to the —>■ —(p transformation of ([47a)) . 
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The action as a whole is not invariant under this duahty, because the Maxwell terms 
change sign, therefore the equations of motion given by ||21|| : 






\l 



XI 



?»i^ 



AFr - af: 



a0 



2 




-Fl = 



R 



■fMU 



4A2 



'2X2Ffj_pFi, ^ — -A2 g^uF 



(52a) 
(52b) 
(52c) 



are not invariant either. In fact the Einstein equation (|52c| ) is not invariant in general 



under the duality transformation ||21| 



n 

F'_ 



-AF4 
-AF_ 



(53a) 
(53b) 
(53c) 



as the second and third terms are non-invariant [^ and transform into ||21|| : 



2A2-F)tp-F'i/ ^ — -X2gpuF 



A1A2 

w 



^-f i_Lp^u ~r '^-fi/p-t 1^1 dfjiv^ ^ 



(54) 



Only if the extra terms in this expression vanish will the duality transformation map 
solutions into solutions. A duality transformation of the offending terms above shows 
that they transform into themselves with 



2F^pF, P + 2F,pF^ P - g^,FF ^ Af - A^ [2F^pF, ^ + 2F,pF^ ^ - g^.FF] (55) 



and therefore the Einstein equation is invariant when |21 



OF p P A- 2F F P 



gp,FF = 



(56) 



which implies that if this expression vanishes for a particular solution, it will also vanish 
for its duality transformation of that solution. Thus, beginning with a solution one may 
build up a family of solutions. Indeed the Melvin magnetic universe verifies the restriction 



]) (the only non-vanishing field strength is Fj 



R<fi 



RB 



and therefore one can 



(l+ii^)2 

generate a axionic-dilatonic Melvin electromagnetic universe. To do this we start from 



the dilatonic Melvin magnetic solution ( [46 a| ) - ( [46 b| ) and obtain an axion from a shift / on 
a Peccei-Quinn transformation. A' = A + /, then dualise it. A' = — |-, and finally rescale. 
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A' = X{p + 1) [p. One gets : 



A' 
h' 



1 



f + l 



-20' 



F' 



A' 



/ 
1 



f 



/P 



1 



f + i 

fF + e-'^^F 



(57a) 
(57b) 
(57c) 
(57d) 
(57e) 



with y4^, A[ and A'^ unknown. For the dilatonic Melvin magnetic universe Fr<^ = ^^ and 



fc2 



therefore: 






-20 



km 

R 



Bi 



Fn,„ = -r^B2 



with 



5i 

B2 



1 



/ 



B 



-.B 



(58a) 
(58b) 

(59a) 
(59b) 



where i?2 is the magnetic field of the axionic sector and B^ = Bf + S| with A; = 1 + ^ ^ . 
Using ( [46 b| ) with a = 1 to rewrite the dilaton before the transformation one finally 
gets the exact dyonic Melvin electromagnetic universe, with the axion and dilaton fields 
given by: 

B^B^ 1 



h{BuB2,R) 



-2<t>{Bi,B2,R) 



Bl + Bl [l + l/?4 (52 ^ ^2) ^2 ^ ^252 



i?? 



1 + I (52 + 5|) R^ 



Bl + S| (^1 + 1/^4 (52 ^ ^2) 52 ^ ^2^2 



(60a) 
(60b) 



with the metric given by: 



ds' = k 



dr - dR^ - dz' 



--R^dif'^. 
k 



(61) 



As expected this solution is consistent with the dilatonic Melvin magnetic universe, 
( [46a| ) - ( [46 b| ), which corresponds to the case where there is no axion (/ = 0) and so 
Bi = B {B2 = 0) with e-^'f'' = e^^ = y^tW- 
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Asymptotic global string solutions 



At very far distances from the core the field solutions are then obtained from ( |60a| )- 
( |60b|) by taking the limit R ^ oo. Therefore the axion and the dilaton are given by 



hiB,,B2,R) 



4:Bo 



{B,,B2,R)^\n 



i?4 B^Bi 
BR 



V2 



with the metric for the axionic-dilatonic global string given by 

2 



ds 



2 I BR 



\V2, 



dt^ - dR^ - dz^ 



2 ^ 2 



4 Conclusions 



(62a) 
(62b) 



(63) 



In the presence of an axion we showed that the gravitational field of the string is quite 



different from the Einstein and dilatonic ones |[TT]]. In fact the long range effects of 
the dilaton and of the axion exclude the existence of local string solutions. Instead we 
looked for far field solutions and presented expressions for the asymptotical fields which 
approaches the dilatonic Melvin magnetic universe in the presence of an axion. The axion 
is strongly damped to zero while the dilaton has very strong asymptotic effects similar to 
those for the dilatonic string for massless dilaton. 
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